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GHILQHGDVDJHDWOHVLRQRQVHWϭϮϳ
OHVVWKDQ\HDUVDQGGHYHORSPHQWDORQVHWHSLOHSV\$WRWDORISDUWLFLSDQWVPDOHVϭϮϴ
IHPDOHVLQWKHUHJLVWU\PHWWKHVHFULWHULDDQGOHVLRQHWLRORJLHVLQFOXGHGLVFKHPLFVWURNHQϭϮϵ
 KHPRUUKDJLFVWURNHQ EHQLJQWXPRUUHVHFWLRQQ IRFDOHQFHSKDOLWLVQ ϭϯϬ
IRFDOFRQWXVLRQVIURPKHDGLQMXU\Q DQGSHQHWUDWLQJKHDGLQMXU\Q )RUSDWLHQWVZLWKϭϯϭ
EHQLJQWXPRUUHVHFWLRQOHVLRQORFDWLRQZDVGHWHUPLQHGXVLQJWKHERXQGDULHVRIWKHWXPRUϭϯϮ
UHVHFWLRQFDYLW\IURPWKHSRVWRSHUDWLYHLPDJLQJϭϯϯ
:HIRFXVHGRQQHXURSV\FKRORJLFDOWHVWVWKDWKDYHEHHQPRVWFRPPRQO\DGPLQLVWHUHGWRϭϯϰ
WKHSDUWLFLSDQWVLQWKH,RZD5HJLVWU\:HDVVLJQHGHDFKWHVWWRODWHQWYDULDEOHVXVLQJWKH&DWWHOOϭϯϱ
+RUQ&DUUROO&+&PRGHORIFRJQLWLYHDELOLWLHV6FKQHLGHUDQG0F*UHZDZLGHO\XVHGϭϯϲ
WD[RQRP\RIPHQWDODELOLWLHVWKDWKDVEHHQVKRZQWRUREXVWO\DFFRXQWIRUWKHFRYDULDQFHVWUXFWXUHϭϯϳ
RIWKHQHXURSV\FKRORJLFDOWHVWVXVHGLQWKLVFRKRUW-HZVEXU\HWDO2IQRWHVHYHUDORIϭϯϴ
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ϳ
WKHVHWHVWVDUHVXEWHVWVRIWKH:$,6ZKLFKLVWKHPRVWZLGHO\XVHGLQVWUXPHQWIRUPHDVXULQJϭϯϵ
LQWHOOLJHQFHDQGLWVIDFHWVDQGZKLFKKDVDQH[WHQVLYHSV\FKRPHWULFOLWHUDWXUHVXSSRUWLQJLWVϭϰϬ
UHOLDELOLW\DQGYDOLGLW\:HFKVOHU$OOVXEMHFWVZHUHDGPLQLVWHUHGWKHYHUVLRQRIWKH:$,6ϭϰϭ
WKDWZDVWKHPRVWXSWRGDWHDWWKHWLPHRIWKHLUDVVHVVPHQW:HXVHGDGPLQLVWUDWLRQ$IURPWKHϭϰϮ
%HQWRQ9LVXDO5HWHQWLRQ7HVWZKLFKUHTXLUHVPDLQWHQDQFHDQGLPPHGLDWHUHSURGXFWLRQRIϭϰϯ
YLVXRVSDWLDOLQIRUPDWLRQZRUNLQJPHPRU\ZLWKRXWUHSHDWHGH[SRVXUHVRUGHOD\HGUHFDOOϭϰϰ
GHPDQGV:KHQDWHVWZDVDGPLQLVWHUHGWRDSDWLHQWPRUHWKDQRQFHZHXVHGWKHDGPLQLVWUDWLRQϭϰϱ
WKDWZDVPRVWFRQWHPSRUDQHRXVZLWKWKHGDWHRIWKHSDWLHQW¶V05,VFDQDFTXLUHGLQWKHFKURQLFϭϰϲ
HSRFKPRQWKVRUPRUHDIWHUOHVLRQRQVHW7HVWVFRUHVZHUHDGMXVWHGIRUDJHXVLQJQRUPDWLYHϭϰϳ
GDWDIURPWHVWPDQXDOV:LONLQVRQDQG5REHUWVRQ:HFKVOHUPHWDQRUPDWLYHGDWDϭϰϴ
0LWUXVKLQDHWDORUQRUPDWLYHGDWDIURPWKH%HQWRQ1HXURSV\FKRORJ\/DERUDWRU\$OOϭϰϵ
DJHDGMXVWHGVFRUHVZHUHWKHQWUDQVIRUPHGLQWRVWDQGDUGXQLWVLH=VFRUHVLQRUGHUWRSODFHDOOϭϱϬ
VFRUHVRQDVLPLODUPHWULF,QWKRVHLQVWDQFHVZKHUHWHVWVFRUHVDUHRPLWWHGWKHVHGDWDZHUHϭϱϭ
LPSXWHGXVLQJPXOWLSOHLPSXWDWLRQE\FKDLQHGHTXDWLRQVDVLPSOHPHQWHGLQWKH0,&(SDFNDJHϭϱϮ
YDQ%XXUHQDQG*URRWKXLV2XGVKRRUQDYDLODEOHLQ55&RUH7HDPRIWKHϭϱϯ
WRWDOGDWDVHWGHVFULEHGDERYHZDVLPSXWHG:HSHUIRUPHGWKHDQDO\VHVGHVFULEHGEHORZLQERWKϭϱϰ
WKHIXOOGDWDVHWLHWKHGDWDVHWZLWKLPSXWHGGDWDDQGWKHUHVWULFWHGGDWDVHWLHGDWDIURPRQO\ϭϱϱ
WKRVHSDWLHQWVZLWKFRPSOHWHGDWDQ ϭϱϲ
/HVLRQ/RFDWLRQϭϱϳ
/HVLRQERUGHUVZHUHGHILQHGXVLQJOHVLRQPDVNVJHQHUDWHGXVLQJHLWKHUWKH0$3ϭϱϴ
PHWKRGRUDPDQXDOWUDFLQJRQDQDWLYH7ZHLJKWHG05,VFDQ7KH0$3PHWKRGLQYROYHVϭϱϵ
WKHPDQXDOWUDFLQJRIOHVLRQERUGHUVRQDWHPSODWHEUDLQXVLQJWKHOHVLRQGHSLFWHGLQDQ05,RUϭϲϬ
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
ϴ
&7VFDQDVDJXLGHDQGKDVEHHQSUHYLRXVO\GHVFULEHGDQGYDOLGDWHG'DPDVLRDQG)UDQNϭϲϭ
)LH]HWDO:LWKLPSURYHPHQWVLQ05,FRUHJLVWUDWLRQWHFKQLTXHVOHVLRQVDGGHGDIWHUϭϲϮ
ZHUHPDQXDOO\WUDFHGRQWKHQDWLYH7ZHLJKWHGVFDQVZLWK)6/6PLWKHWDODQGϭϲϯ
WKHQWUDQVIRUPHGLQWR01,VSDFH%HFDXVHOHVLRQVQHJDWLYHO\DIIHFWWKHDFFXUDF\RIWKHϭϲϰ
WUDQVIRUPDWLRQWR01,VSDFHWUDQVIRUPDWLRQVZHUHSHUIRUPHGXVLQJHQDQWLRPRUSKLFϭϲϱ
QRUPDOL]DWLRQZKLFKUHSODFHVWKHOHVLRQYROXPHZLWKWKHYR[HOLQWHQVLWLHVIURPLWVQRQGDPDJHGϭϲϲ
KRPRORJXHWRPRUHFORVHO\DOLJQWKHWUDQVIRUPZLWKLWVWHPSODWH%LODWHUDOOHVLRQVZHUHϭϲϳ
WUDQVIRUPHGE\DSSO\LQJDFRVWIXQFWLRQPDVNWRWKHOHVLRQYROXPH%UHWWHWDOZKLFKϭϲϴ
UHGXFHVWKHLQIOXHQFHRIYR[HOVZLWKLQWKHOHVLRQYROXPHRQWKHWUDQVIRUPDWLRQSURFHVV1DWLYHϭϲϵ
05,VRIWKHEUDLQDQGOHVLRQPDVNZHUHWKHQFRUHJLVWHUHGWRWKH01,7PPDWODVXVLQJϭϳϬ
OLQHDUDQGQRQOLQHDUUHJLVWUDWLRQDYDLODEOHLQ$17V$YDQWVHWDO7KHDQDWRPLFDOϭϳϭ
DFFXUDF\RIWKHOHVLRQWUDFLQJZDVUHYLHZHGERWKLQQDWLYHDQG01,VSDFHDQGHGLWHGDVQHHGHGϭϳϮ
E\DQHXURORJLVW$'%EOLQGHGWRFRJQLWLYHGDWDϭϳϯ
([SHULPHQWDO'HVLJQDQG6WDWLVWLFDO$QDO\VLVϭϳϰ
6WUXFWXUDO(TXDWLRQ0RGHOVϭϳϱ
6WUXFWXUDOHTXDWLRQPRGHOVZHUHXVHGWRLQYHVWLJDWHWKHDVVRFLDWLRQEHWZHHQHDFKVSHFLILFϭϳϲ
FRJQLWLYHDELOLW\DQGJXVLQJWKH,RZDGDWD:HXVHGDVWUXFWXUDOHTXDWLRQPRGHOLQJIUDPHZRUNϭϳϳ
RYHUDQH[SORUDWRU\DSSURDFKZKHUHSRVVLEOHEHFDXVHRIWKHJUHDWHUK\SRWKHVLVWHVWLQJIOH[LELOLW\ϭϳϴ
DIIRUGHGE\WKHIRUPHUHVSHFLDOO\DVLWUHODWHVWRELIDFWRUPRGHOLQJ%ROOHQDQG1REOHϭϳϵ
0XWKXNULVKQDDQG+HQULFKDQGEHFDXVHSUHYLRXVZRUNKDVHYDOXDWHGKRZWKH,RZDϭϴϬ
QHXURSV\FKRORJLFDOWHVWVILWLQWRWKHDUFKLWHFWXUHRIWKH&+&PRGHO-HZVEXU\HWDOϭϴϭ
7KHVHDQDO\VHVZHUHSHUIRUPHGXVLQJWKHODYDDQOLEUDU\LQ55RVVHHO$OOIUHHSDUDPHWHUVϭϴϮ
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
ϵ
ZHUHHVWLPDWHGXVLQJPD[LPXPOLNHOLKRRG3DUDPHWHUVZHUHUHSRUWHGIURPWKHFRPSOHWHO\ϭϴϯ
VWDQGDUGL]HGVROXWLRQVLHDOOIDFWRUORDGLQJVZHUHVWDQGDUGL]HGEHWZHHQYDOXHVRIDQGϭϴϰ
6WDQGDUGHUURUVIRUDOOSDUDPHWHUVZHUHGHULYHGXVLQJWKHERRWVWUDSSLQJSURFHGXUHVZLWKϭϴϱ
GUDZVDYDLODEOHLQWKHVWUXFWXUDOHTXDWLRQPRGHOVHPIXQFWLRQLQODYDDQ)RUHDFKPRGHOORFDOϭϴϲ
ILWZDVLQVSHFWHGWRLGHQWLI\SDUDPHWHUVWKDWZHUHQRWVWDWLVWLFDOO\VLJQLILFDQWO\GLIIHUHQWIURPϭϴϳ
]HUR2YHUDOOPRGHOILWWRWKHGDWDZDVHYDOXDWHGXVLQJWKH&RPSDUDWLYH)LW,QGH[&),WKH5RRWϭϴϴ
0HDQ6TXDUH(UURURI$SSUR[LPDWLRQ506($DQGWKHVWDQGDUGL]HGURRWPHDQVTXDUHUHVLGXDOϭϴϵ
6505$FFHSWDEOHPRGHOILWLVLQGLFDWHGE\&),RIDWOHDVWDQG506($DQG6505OHVVϭϵϬ
WKDQRUHTXDOWR+XDQG%HQWOHU6FRUHVIRUODWHQWYDULDEOHVZHUHJHQHUDWHGXVLQJWKHϭϵϭ
ODY3UHGLFWIXQFWLRQLQ5ZKLFKHVWLPDWHVYDOXHVRIODWHQWYDULDEOHVXVLQJDUHJUHVVLRQEDVHGRQϭϵϮ
PRGHOSDUDPHWHUVϭϵϯ
7KHIROORZLQJGRPDLQVSHFLILFFRJQLWLYHDELOLWLHVFRXOGEHPRGHOHGIURPWKHREVHUYHGϭϵϰ
GDWDFU\VWDOOL]HGLQWHOOLJHQFH*FYLVXRVSDWLDODELOLW\*YOHDUQLQJHIILFLHQF\*OSURFHVVLQJϭϵϱ
VSHHG*VDQGZRUNLQJPHPRU\*ZP7RDFFRXQWIRUPHWKRGFRYDULDQFHWKHXQLTXHϭϵϲ
YDULDQFHVRIWKH&RPSOH[)LJXUH7HVW&RS\DQG5HFDOOVFRUHVZHUHDOORZHGWRFRYDU\LQDOOϭϵϳ
PRGHOVDVZHUHWKHXQLTXHYDULDQFHVRISDUWV$DQG%RIWKH7UDLO0DNLQJ7HVWDQGWKHLQGLFHVϭϵϴ
RIWKH5H\$XGLWRU\9HUEDO/HDUQLQJ7HVW$KLHUDUFKLFDOPRGHO)LJ$ZDVXVHGWRHVWLPDWHJϭϵϵ
DQGWRH[DPLQHWKHYDULDQFHLQJWKDWFDQEHDFFRXQWHGIRUE\HDFKGRPDLQVSHFLILFDELOLW\7KHϮϬϬ
VTXDUHRIWKHFRUUHODWLRQEHWZHHQHDFKDELOLW\DQGJVHUYHGDVDQLQGH[RIWKHYDULDQFHLQJϮϬϭ
H[SODLQHGE\HDFKVSHFLILFFRJQLWLYHDELOLW\WKLVLVLQGLFDWHGE\WKHIDFWRUORDGLQJRIHDFKDELOLW\ϮϬϮ
RQJ.OLQH$FRQILUPDWRU\ELIDFWRUPRGHO)LJ%ZDVXVHGWRHYDOXDWHWKHϮϬϯ
³GLVWLQFWLYHQHVV´RIHDFKFRJQLWLYHDELOLW\IURPJ,QWKLVPRGHODOOREVHUYHGGDWDZHUHILUVWVHWϮϬϰ
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
ϭϬ
WRORDGGLUHFWO\RQWRJDQGWKHQRQWRWKHDSSURSULDWHVXEIDFWRU$VZLWKDOOELIDFWRUPRGHOVWKHϮϬϱ
ODWHQWYDULDEOHVZHUHVHWWREHRUWKRJRQDOWRRQHDQRWKHUXQGHUWKHDVVXPSWLRQWKDWWKHϮϬϲ
FRYDULDQFHDPRQJWKHIDFWRUVLVFDSWXUHGE\WKHJHQHUDOIDFWRU8VLQJWKLVPRGHORPHJDϮϬϳ
KLHUDUFKLFDOωKZDVFDOFXODWHGIRUHDFKGRPDLQZKLFKSURYLGHGDQLQGH[RIWKHUHOLDEOHϮϬϴ
YDULDQFHDVVRFLDWHGZLWKHDFKGRPDLQVSHFLILFDELOLW\DIWHUUHPRYLQJWKHYDULDQFHDVVRFLDWHGϮϬϵ
ZLWKJ+LJKHUYDOXHVLQGLFDWHJUHDWHUGLVWLQFWLYHQHVVIURPJLHJUHDWHUUHOLDEOHYDULDQFHϮϭϬ
UHPDLQLQJDIWHUFRQWUROOLQJIRUJϮϭϭ
Healthy Cohort Structural Equation Modeling.,QDGGLWLRQWRFRQVWUXFWLQJPRGHOVXVLQJϮϭϮ
WKH,RZDFRKRUWZLWKIRFDOEUDLQOHVLRQVZHDOVRFRQVWUXFWHGDQDORJRXVPRGHOVXVLQJGDWDIURPDϮϭϯ
ODUJHKHDOWK\SRSXODWLRQ7KLVZDVGRQHWRHYDOXDWHZKHWKHUFRQFOXVLRQVIURPWKHPRGHOVϮϭϰ
GLIIHUHGZKHQGHULYHGIURPVXEMHFWVZLWKIRFDOEUDLQOHVLRQVYHUVXVKHDOWK\LQGLYLGXDOV)RUWKLVϮϭϱ
ZHXVHGWKH:$,6,9VWDQGDUGL]DWLRQVDPSOHFRUUHODWLRQPDWUL[ZLWKDVDPSOHVL]HRIϮϭϲ
KHDOWK\DGXOWVGHVFULEHGLQGHWDLOHOVHZKHUH:HFKVOHU7KHVHPRGHOVZHUHXVHGWRϮϭϳ
HYDOXDWHWKHFRUUHODWLRQVEHWZHHQVSHFLILFGRPDLQVHJYHUEDOFRPSUHKHQVLRQDQGJDQGWKHϮϭϴ
GLVWLQFWLYHQHVVRIHDFKGRPDLQIURPJDVSHUIRUPHGZLWKGDWDIURPWKHVXEMHFWVZLWKIRFDOEUDLQϮϭϵ
OHVLRQV6XEIDFWRUVZHUHODEHOOHGXVLQJWKHQDPHVRIWKHDVVRFLDWHG:$,6,9LQGLFHVHJWKHϮϮϬ
9HUEDO&RPSUHKHQVLRQ,QGH[ϮϮϭ
/HVLRQ%HKDYLRU0DSSLQJϮϮϮ
/HVLRQEHKDYLRUPDSSLQJDQDO\VHVZHUHSHUIRUPHGWRLGHQWLI\QHXURDQDWRPLFDOUHJLRQVϮϮϯ
DVVRFLDWHGZLWKLPSDLUPHQWLQGRPDLQJHQHUDODQGGRPDLQVSHFLILFFRJQLWLYHDELOLWLHVDVϮϮϰ
HVWLPDWHGIURPWKHVWUXFWXUDOHTXDWLRQPRGHOV6SDUVHFDQRQLFDOFRUUHODWLRQDQDO\VLV6&&$1ϮϮϱ
ZDVXVHGIRUOHVLRQEHKDYLRUPDSSLQJDVLPSOHPHQWHGLQ/(6<0$33XVWLQDHWDODϮϮϲ
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ϭϭ
SDFNDJHDYDLODEOHLQ5KWWSVJLWKXEFRPGRULDQSV/(6<0$37KH6&&$1PHWKRGXVHVDQϮϮϳ
RSWLPL]DWLRQSURFHGXUHWRGHULYHYR[HOZHLJKWVWKDWPD[LPL]HWKHPXOWLYDULDWHFRUUHODWLRQϮϮϴ
EHWZHHQYR[HOYDOXHVDQGEHKDYLRUDOVFRUHV7KHSUHGLFWLYHYDOXHDQGVSDUVHQHVVRIWKHUHVXOWLQJϮϮϵ
PDSVZHUHHYDOXDWHGHPSLULFDOO\XVLQJDIROGZLWKLQVDPSOHFRUUHODWLRQEHWZHHQPRGHOϮϯϬ
SUHGLFWHGDQGDFWXDOEHKDYLRUDOVFRUHV/(6<0$3GHHPVDPDS³YDOLG´LILWLVDVVRFLDWHGZLWKDϮϯϭ
VWDWLVWLFDOO\VLJQLILFDQWSUHGLFWLYHFRUUHODWLRQ7KXVWKLVDSSURDFKWHVWVWKHSUHGLFWLYHYDOXHRIWKHϮϯϮ
HQWLUHPDSDWRQFHDQGDYRLGVWKHSLWIDOOVDVVRFLDWHGZLWKYR[HOZLVHLHPDVVXQLYDULDWHϮϯϯ
PHWKRGVVXFKDVLQIODWHGUDWHVRIIDOVHSRVLWLYHHUURUV7KLVSUHYLRXVO\YDOLGDWHGPHWKRGRIϮϯϰ
OHVLRQEHKDYLRUPDSSLQJKDVEHHQGHPRQVWUDWHGWREHPRUHDFFXUDWHWKDQPDVVXQLYDULDWHϮϯϱ
PHWKRGVDQGLVEHWWHUDEOHWRLGHQWLI\ZKHQPXOWLSOHEUDLQUHJLRQVDUHDVVRFLDWHGZLWKDϮϯϲ
EHKDYLRUDOYDULDEOH3XVWLQDHWDO5HJLRQVZLWKPLQLPDOFRYHUDJHIHZHUWKDQOHVLRQVϮϯϳ
ZHUHH[FOXGHGDVSHUIRUPHGSUHYLRXVO\+LQGPDQHWDOWRUHGXFHSURFHVVLQJWLPHDQGϮϯϴ
WKHLQIOXHQFHRIRXWOLHUVRQWKHUHVXOWVZKLOHPDLQWDLQLQJVXIILFLHQWOHVLRQFRYHUDJHIRUWKHϮϯϵ
DQDO\VHV:HDOVRWHVWHGZKHWKHUWKHVSDWLDOFRQILJXUDWLRQRIWKHYR[HOZHLJKWVIURPWKHPDSRIϮϰϬ
JZDVDIIHFWHGE\FKDQJHVLQWKHVSDUVHQHVVSDUDPHWHUE\PDQXDOO\PDQLSXODWLQJWKLVSDUDPHWHUϮϰϭ
WRYDOXHVDERYHDQGEHORZWKHILQDOVSDUVHQHVVYDOXHDVGHWHUPLQHGE\/(6<0$3ϮϰϮ
$PDVVXQLYDULDWHYR[HOZLVHDSSURDFKWROHVLRQEHKDYLRUPDSSLQJZDVDOVRHPSOR\HGWRϮϰϯ
SURYLGHHYLGHQFHIRUWKHUREXVWQHVVRIRXUQHXURDQDWRPLFDOUHVXOWVWRGLIIHUHQWOHVLRQEHKDYLRUϮϰϰ
PDSSLQJPHWKRGRORJLHV7KLVDQDO\VLVZDVSHUIRUPHGXVLQJWKHUHJUHVIDVWRSWLRQLQ/(6<0$3Ϯϰϱ
ZKLFKSHUIRUPVDYR[HOZLVHUHJUHVVLRQRIEHKDYLRUDOVFRUHVRQYR[HOYDOXHV0XOWLSOHϮϰϲ
FRPSDULVRQFRUUHFWLRQZDVSHUIRUPHGXVLQJSHUPXWDWLRQEDVHGIDPLO\ZLVHHUURUFRUUHFWLRQDVϮϰϳ



ϭϮ
LPSOHPHQWHGE\WKH):(5SHUPRSWLRQIRUWKHOHV\PDSFRPPDQGϮϰϴ
KWWSVJLWKXEFRPGRULDQSV/(6<0$3Ϯϰϵ
7RHYDOXDWHWKHUHODWLYHFRQWULEXWLRQRIWKHUHJLRQDOFOXVWHUVRIWKHOHVLRQEHKDYLRUPDSϮϱϬ
RIJWKHPDSZDVILUVWVHSDUDWHGLQWRFOXVWHUVXVLQJ)6/¶VFOXVWHUIXQFWLRQ)RUHDFKFOXVWHUWKHϮϱϭ
LGHQWLILHGUHJLRQZDVUHPRYHGIURPHDFKSDWLHQW¶VOHVLRQPDVNDQGWKHOHVLRQEHKDYLRUPDSZDVϮϱϮ
UHFDOFXODWHG7KHLPSRUWDQFHRIHDFKFOXVWHUZDVWKHQHYDOXDWHGXVLQJWKHGLIIHUHQFHLQWKHϮϱϯ
ZLWKLQVDPSOHSUHGLFWLYHFRUUHODWLRQYDOXHDVVRFLDWHGZLWKWKHVHDQDO\VHVZLWKDJUHDWHUϮϱϰ
UHGXFWLRQLQSUHGLFWLYHDFFXUDF\LQGLFDWLQJJUHDWHUUHODWLYHLPSRUWDQFHRIWKHDVVRFLDWHGFOXVWHUϮϱϱ
)LEHU7UDFWRJUDSK\Ϯϱϲ
 :HXVHGWKH/($'&RQQHFWRPHSLSHOLQHWRH[SORUHWKHZKLWHPDWWHUWUDFWVDVVRFLDWHGϮϱϳ
ZLWKUHJLRQVLGHQWLILHGLQWKHOHVLRQEHKDYLRUPDSRIJKWWSVZZZOHDGGEVRUJDERXWOHDGϮϱϴ
FRQQHFWRPH+RUQHWDO$VSHUIRUPHGSUHYLRXVO\+RUQHWDOWKLVVRIWZDUHXVHVϮϱϵ
QRUPDWLYHGLIIXVLRQZHLJKWHG05,IURPVXEMHFWVIURPWKH+XPDQ&RQQHFWRPH3URMHFWϮϲϬ
GDWDVHWWRSHUIRUPGHWHUPLQLVWLFILEHUWUDFWRJUDSK\DQGLOOXVWUDWHWKHFRXUVHRIZKLWHPDWWHUϮϲϭ
VWUHDPOLQHVDVVRFLDWHGZLWKDVHHGUHJLRQRILQWHUHVW6HHGUHJLRQVRILQWHUHVWZHUHJHQHUDWHGE\ϮϲϮ
FOXVWHULQJWKHPDSRIJLQWRVSDWLDOFOXVWHUVXVLQJ)6/¶VFOXVWHUWRRO7KHUHVXOWLQJWUDFWVZHUHϮϲϯ
UHYLHZHGLQGLYLGXDOO\XSRQDSSO\LQJDWKUHVKROGWRUHWDLQWKHWRSRIYR[HOYDOXHVDQGWKHϮϲϰ
XQWKUHVKROGHGLQGLYLGXDOWUDFWVGHULYHGIURPHDFKFOXVWHUZHUHFRPELQHGWRGLVSOD\ZKLWHPDWWHUϮϲϱ
UHJLRQVFRPPRQDPRQJVWWKHFOXVWHUV7KH+XPDQ&RQQHFWRPH3URMHFW9DQ(VVHQHWDOϮϲϲ
ZKLWHPDWWHUDWODVZDVXVHGWRFRPSDUHWKHUHVXOWVWRQRUPDWLYHZKLWHPDWWHUWUDFWVϮϲϳ
9DOLGDWLRQ$QDO\VLVϮϲϴ



ϭϯ
:8&RKRUWϮϲϵ
3DWLHQWVLQWKH:8FRKRUWDOVRFRPSOHWHGPXOWLSOHQHXURSV\FKRORJLFDOWHVWV7HVWVFRUHVϮϳϬ
ZHUHQRUPHGDVGHVFULEHGSUHYLRXVO\&RUEHWWDHWDO:HFRQYHUWHGWKHVHGDWDWR=Ϯϳϭ
VFRUHV3DUWLFLSDQWVZHUHVHOHFWHGIRULQFOXVLRQLQWKLVVWXG\LIWKH\FRPSOHWHGDWOHDVWRIWKHϮϳϮ
VHOHFWHGWHVWVDQGKDGOHVLRQPDVNVGHULYHGIURPVWUXFWXUDOQHXURLPDJLQJ7HVWVFRUHVDQGϮϳϯ
QHXURLPDJLQJGDWDZHUHFROOHFWHGZLWKLQWKHILUVWWKUHHPRQWKVIROORZLQJWKHVWURNH$WRWDORIϮϳϰ
VWURNHSDWLHQWVPHWWKHVHLQFOXVLRQFULWHULDDQGZHUHLQFOXGHGLQWKLVVWXG\7KHUHZHUHQRϮϳϱ
PLVVLQJGDWDLQWKLVGDWDVHWϮϳϲ
/HVLRQ6HJPHQWDWLRQϮϳϳ
05,DQGOHVLRQPDVNDFTXLVLWLRQIRUWKH:8FRKRUWZHUHGHVFULEHGLQWKHRULJLQDOVWXG\Ϯϳϴ
&RUEHWWDHWDO)RUFRQVLVWHQF\ZLWKWKH,RZDFRKRUWWKHILQDOOHVLRQPDVNVIURPWKH:8Ϯϳϵ
FRKRUWZHUHWUDQVIRUPHGWRWKH01,WHPSODWHXVLQJOLQHDUUHJLVWUDWLRQWHFKQLTXHVLQ)6/ϮϴϬ
+LHUDUFKLFDO)DFWRU$QDO\VLVϮϴϭ
%HFDXVHPRVWRIWKHWHVWVDYDLODEOHLQWKH:8GDWDVHWKDYHQRWEHHQSUHYLRXVO\HYDOXDWHGϮϴϮ
LQWKHFRQWH[WRIWKH&+&PRGHOZHXVHGDQH[SORUDWRU\KLHUDUFKLFDOIDFWRUDQDO\VLVWRHVWLPDWHϮϴϯ
JLQWKH:8FRKRUW$OWKRXJKWKHH[WUDFWLRQRIJZDVWKHSULPDU\JRDORIWKLVDQDO\VLVIRUϮϴϰ
FRQVLVWHQF\ZLWKWKH,RZDFRKRUWZHODEHOOHGWKHVXEIDFWRUVXVLQJDQRPHQFODWXUHVLPLODUWRWKHϮϴϱ
&+&PRGHOE\FRPSDULQJWKHWHVWJURXSLQJVWRGHVFULSWLRQVRI&+&GRPDLQV6FKQHLGHUDQGϮϴϲ
0F*UHZ7KLVDQDO\VLVZDVSHUIRUPHGXVLQJWKHSV\FKSDFNDJHDYDLODEOHLQ55HYHOOHϮϴϳ
:HXVHGPD[LPXPOLNHOLKRRGWRHVWLPDWHSDUDPHWHUVDQGDQREOLPLQURWDWLRQWRH[WUDFWϮϴϴ
FRUUHODWHGIDFWRUVIRUWKHILUVWOHYHORIODWHQWYDULDEOHV7KHQXPEHURIVXEIDFWRUVWRUHWDLQDWWKHϮϴϵ



ϭϰ
ILUVWOHYHOZDVGHWHUPLQHGE\FRPSDULQJWKHILWRIPRGHOVZLWKVXFFHVVLYHO\KLJKHUQXPEHUVRIϮϵϬ
IDFWRUVXQWLODQLPSURYHPHQWLQPRGHOILWZDVQRWIRXQG7KHIDFWRUVFRUHVIRUWKHVHGRPDLQVϮϵϭ
ZHUHWKHQVXEPLWWHGWRDQH[SORUDWRU\IDFWRUDQDO\VLVWRH[WUDFWDVLQJOHKLHUDUFKLFDOJIDFWRU$VϮϵϮ
ZLWKWKH,RZDFRKRUWDQHVWLPDWHRIJZDVGHULYHGIRUHDFKVXEMHFWXVLQJUHJUHVVLRQPHWKRGV$Ϯϵϯ
ELIDFWRUPRGHOZDVQRWHYDOXDWHGIRUWKLVVDPSOHGXHWRORZVDPSOHVL]HϮϵϰ
3UHGLFWLQJJIURP/HVLRQ/RFDWLRQϮϵϱ
7KHVSDUVHFDQRQLFDOFRUUHODWLRQPRGHOVXVHGWRGHULYHOHVLRQEHKDYLRUPDSVIURPWKHϮϵϲ
,RZD&RKRUWZHUHXVHGWRJHQHUDWHSUHGLFWLRQVRIFRJQLWLYHGHILFLWVEDVHGRQOHVLRQORFDWLRQLQϮϵϳ
WKH:8&RKRUW)LJ6SHFLILFDOO\DWKUHHGLPHQVLRQDOPDWUL[RIWKHYR[HOZLVHZHLJKWVIURPϮϵϴ
DOHVLRQEHKDYLRUPDSZDVPXOWLSOLHGE\DWKUHHGLPHQVLRQDOELQDU\PDWUL[UHSUHVHQWLQJWKHϮϵϵ
OHVLRQYROXPHVIURPWKH:8FRKRUWDQGWKHQE\WKHHLJHQYDOXHIURPWKHOHVLRQEHKDYLRUPDSWRϯϬϬ
JHQHUDWHDYHFWRURIPRGHOSUHGLFWHGVFRUHV7KLVZDVUHSHDWHGIRUHDFKOHVLRQEHKDYLRUPDSϯϬϭ
GHULYHGIURPWKH,RZDFRKRUW0RGHOSUHGLFWHGVFRUHVZHUHWKHQFRUUHODWHGZLWKREVHUYHGJWRϯϬϮ
SURYLGHDQLQGH[RISUHGLFWLYHDFFXUDF\$GGLWLRQDOO\VHPLSDUWLDOFRUUHODWLRQVZHUHXVHGWRWHVWϯϬϯ
ZKHWKHUWKHVHDVVRFLDWLRQVZRXOGKROGDIWHUFRQWUROOLQJIRUWKHHIIHFWVRIOHVLRQYROXPH7KHϯϬϰ
VWDWLVWLFDOVLJQLILFDQFHRIWKHFRUUHODWLRQEHWZHHQHDFKSUHGLFWHGDQGREVHUYHGVFRUHZDVϯϬϱ
GHWHUPLQHGXVLQJSHUPXWDWLRQWHVWLQJ6SHFLILFDOO\WKHRUGHURIWKHGDWDZDVUDQGRPO\ϯϬϲ
JHQHUDWHGDQGWKHDEVROXWHYDOXHRIWKHREVHUYHGFRUUHODWLRQVWUHQJWKZDVFRPSDUHGWRWKDWRIϯϬϳ
UDQGRPO\JHQHUDWHGFRUUHODWLRQVGHULYHGIURPWKHVDPHGDWDDFURVVSHUPXWDWLRQV7KHϯϬϴ
SURSRUWLRQRIUDQGRPO\JHQHUDWHGFRUUHODWLRQVJUHDWHUWKDQWKHREVHUYHGFRUUHODWLRQVHUYHGDVWKHϯϬϵ
pYDOXH)LQDOO\DOHVLRQEHKDYLRUPDSRIJZDVDOVRJHQHUDWHGGHQRYRIRUWKH:8FRKRUWDQGϯϭϬ
ZHFDOFXODWHGLWVVSDWLDOFRUUHODWLRQZLWKWKHOHVLRQEHKDYLRUPDSVIURPWKH,RZDFRKRUWE\ϯϭϭ



ϭϱ
FRQYHUWLQJDOORIWKHOHVLRQEHKDYLRUPDSVLQWRYHFWRUVXVLQJ$17V5WRROVDQGWKHQGHULYLQJWKHϯϭϮ
FRUUHODWLRQVDPRQJWKHYHFWRUVϯϭϯ
'DWD$YDLODELOLW\ϯϭϰ
 7KHGDWDWKDWVXSSRUWWKHILQGLQJVRIWKLVVWXG\DUHDYDLODEOHIURPWKHϯϭϱ
FRUUHVSRQGLQJDXWKRUXSRQUHDVRQDEOHUHTXHVWϯϭϲ
5HVXOWVϯϭϳ
,RZD&RKRUW6WUXFWXUDO(TXDWLRQ0RGHOLQJϯϭϴ
7KHILQDOVWUXFWXUDOHTXDWLRQPRGHOVFRQYHUJHGQRUPDOO\SURYLGHGDGHTXDWHILWWRWKHϯϭϵ
GDWDDQGZHUHZLWKRXW+H\ZRRGFDVHVRUQHJDWLYHHVWLPDWHGYDULDQFHV)LJ$DQG)LJ%ϯϮϬ
7KHLQLWLDOKLHUDUFKLFDOPRGHOIDLOHGWRFRQYHUJHLQVSHFWLRQRIWKHIDFWRUORDGLQJVϯϮϭ
VXJJHVWHGWKDWWKLVZDVGXHWRDQH[WUHPHO\KLJKUDZORDGLQJSDUDPHWHUWKDWZDVDVVRFLDWHGZLWKϯϮϮ
DSHUIHFWFRUUHODWLRQVWDQGDUGL]HGIDFWRUORDGLQJ EHWZHHQJDQGZRUNLQJPHPRU\7KHϯϮϯ
PRGHOFRQYHUJHGVXFFHVVIXOO\ZKHQWKLVUDZHVWLPDWHZDVFRQVWUDLQHGWRDORZHUYDOXHEXWϯϮϰ
ZKHUHWKHVWDQGDUGL]HGORDGLQJZDVVWLOOUHSRUWHGDVRQHE\WKHODYDDQRXWSXWχ &), ϯϮϱ
506($ 6505 7RIXUWKHULQYHVWLJDWHWKHUHDVRQIRUWKHIDLOHGϯϮϲ
FRQYHUJHQFHRIWKHLQLWLDOKLHUDUFKLFDOPRGHOZHFRQVWUXFWHGDKLHUDUFKLFDOPRGHOLQZKLFKϯϮϳ
WKHZRUNLQJPHPRU\WHVWVORDGHGGLUHFWO\RQWRJUDWKHUWKDQRQWRD*ZPIDFWRUDQGDϯϮϴ
FRUUHODWHGIDFWRUVPRGHOLQZKLFKWKHILUVWRUGHUODWHQWYDULDEOHVHJ*F*YHWFZHUHDOORZHGϯϮϵ
WRFRYDU\ZLWKRXWORDGLQJRQWRDVXSHURUGLQDWHJIDFWRU%RWKRIWKHVHPRGHOVFRQYHUJHGϯϯϬ
VXFFHVVIXOO\VXJJHVWLQJWKDWWKHUHPD\KDYHEHHQDPRGHOPLVVSHFLILFDWLRQRFFXUULQJDWWKHϯϯϭ



ϭϲ
ORDGLQJRI*ZPRQWRJ$OWRJHWKHUWKHVHDQDO\VHVSURYLGHGLQLWLDOHYLGHQFHWKDWWKHUHLVQRWDϯϯϮ
*ZPIDFWRUWKDWLVUHOLDEO\VHSDUDWHIURPJLQWKH,RZDFRKRUWϯϯϯ
,QWKHLQLWLDOELIDFWRUPRGHOχ &), 506($ 6505 ϯϯϰ
WKHIDFWRUORDGLQJVRIWZRWHVWVRIZRUNLQJPHPRU\WKHGLJLWVSDQVXEWHVWIURPWKH:$,6DQGϯϯϱ
WKH%HQWRQ9LVXRVSDWLDO5HWHQWLRQ7HVWRQWKH*ZPODWHQWYDULDEOHZHUHQRWVLJQLILFDQWO\ϯϯϲ
GLIIHUHQWIURP]HURLQGLFDWLQJWKDWWKHFRYDULDQFHDPRQJWKHZRUNLQJPHPRU\WHVWVZDVϯϯϳ
FDSWXUHGHQWLUHO\E\J7KHKLHUDUFKLFDODQGELIDFWRUPRGHOVERWKLPSOLHGDSHUIHFWϯϯϴ
FRUUHVSRQGHQFHEHWZHHQJDQGZRUNLQJPHPRU\DQGWKXVLQGLFDWHGWKHXVHRIDELIDFWRU6ϯϯϵ
PRGHODYDULDQWRIWKHELIDFWRUPRGHOWKDWVKRXOGEHXVHGLQVLWXDWLRQVLQZKLFKDQRPDORXVHJϯϰϬ
QRQVLJQLILFDQWRUQHJDWLYHORDGLQJVDUHGHWHFWHGLQWKHSUHVHQFHRIDSHUIHFWRUQHDUSHUIHFWϯϰϭ
HTXLYDOHQFHEHWZHHQDVXEIDFWRUDQGDJHQHUDOIDFWRU%XUQVHWDO,QDELIDFWRU6ϯϰϮ
PRGHOWKHORDGLQJVRIWKHLQGLFDWRUVRQWKHVXEIDFWRULQTXHVWLRQDUHRPLWWHGWRDFKLHYHDILQDOϯϰϯ
UHVXOWWKDWLVIUHHIURPDQRPDORXVORDGLQJV7KHELIDFWRU6PRGHOIRUWKH,RZDFRKRUWϯϰϰ
FRQYHUJHGQRUPDOO\χ &), 506($ 6505 2IQRWHWKHϯϰϱ
ELIDFWRU6PRGHODOVRSURYLGHGDVLJQLILFDQWO\EHWWHUILWWRWKHGDWDWKDQWKHKLHUDUFKLFDOPRGHOϯϰϲ
χGLIIHUHQFH pϯϰϳ
,QWKHKLHUDUFKLFDOPRGHO*ZPDFFRXQWHGIRUPRUHYDULDQFHLQJWKDQGLG*Fϯϰϴ
*Y*ORU*V)LJ$0RGHOEDVHGUHOLDELOLWLHVIRUHDFKGRPDLQϯϰϵ
VSHFLILFIDFWRUZHUHHVWLPDWHGXVLQJRPHJDKLHUDUFKLFDOωK7KHYDOXHVRIωKIURPWKHELIDFWRUϯϱϬ
6PRGHODVVRFLDWHGZLWK*F*Y*ODQG*VZHUHJUHDWHUWKDQWKDWϯϱϭ
DVVRFLDWHGZLWK*ZPZKLFKZDVE\GHILQLWLRQVXFKWKDWWKHUHZDVQRUHOLDEOHYDULDQFHLQWKHϯϱϮ
ODWHQW*ZPIDFWRUEH\RQGJ(YHQLQWKHLQLWLDOELIDFWRUPRGHOZKLFKFRQWDLQHGWZRQRQϯϱϯ



ϭϳ
VLJQLILFDQWORDGLQJVRI*ZPWHVWVRQWKHODWHQW*ZPIDFWRUWKHUHPDLQLQJYDULDQFHRIWKH*ZPϯϱϰ
IDFWRUZDVYLUWXDOO\]HURωK DQGPLJKWEHEHVWFKDUDFWHUL]HGDVWKHUHPDLQLQJUHOLDEOHϯϱϱ
YDULDQFHLQWKHDULWKPHWLFVXEWHVWIURPWKH:$,6ZRUNLQJPHPRU\LQGH[UDWKHUWKDQWKHϯϱϲ
UHPDLQLQJYDULDQFHLQEURDG*ZPIDFWRUϯϱϳ
+HDOWK\&RKRUW6WUXFWXUDO(TXDWLRQ0RGHOLQJϯϱϴ
7RHYDOXDWHZKHWKHUWKLVSDWWHUQRIILQGLQJVJHQHUDOL]HGWRDKHDOWK\VDPSOHZHϯϱϵ
SHUIRUPHGDQDORJRXVDQDO\VHVRQWKHFRUUHODWLRQPDWUL[RIWKH:$,6,9SULPDU\VXEWHVWVϯϲϬ
:HFKVOHU2YHUDOOZHREWDLQHGDVLPLODUSDWWHUQRIUHVXOWV$KLHUDUFKLFDOPRGHOϯϲϭ
GHPRQVWUDWHGWKDWZRUNLQJPHPRU\VKDUHGPRUHYDULDQFHZLWKJUHODWLYHWRYHUEDOϯϲϮ
FRPSUHKHQVLRQSHUFHSWXDOUHDVRQLQJRUSURFHVVLQJVSHHGχ &),ϯϲϯ
 506($ 6505 $QLQLWLDOELIDFWRUPRGHOFRQVWUXFWHGIURPWKH:$,6ϯϲϰ
FRUUHODWLRQPDWUL[GLGQRWVXFFHVVIXOO\FRQYHUJHGXHWRWKHYDULDQFHFRYDULDQFHPDWUL[QRWEHLQJϯϲϱ
SRVLWLYHGHILQLWHLQGLFDWLQJDSUREOHPZLWKPRGHOVSHFLILFDWLRQ$VZDVWKHFDVHZLWKWKH,RZDϯϲϲ
FRKRUWDELIDFWRU6PRGHOZDVDSSOLHGWRWKH:$,6GDWDZKHUHWKHZRUNLQJPHPRU\IDFWRUϯϲϳ
ZDVRPLWWHG7KHELIDFWRU6PRGHODOORZHGWKLVDQDO\VLVWRFRQYHUJHVXFFHVVIXOO\χ ϯϲϴ
&), 506($ 6505 VXJJHVWLQJWKDWZRUNLQJPHPRU\ωK ZDVϯϲϵ
QRWGLVWLQFWIURPJ,QFRQWUDVWWKLVZDVQRWWKHFDVHIRUWKHRWKHUFRJQLWLYHDELOLWLHVYHUEDOϯϳϬ
FRPSUHKHQVLRQωK SHUFHSWXDOUHDVRQLQJωK DQGSURFHVVLQJVSHHGωK ϯϳϭ
(YHQLQWKHLQLWLDOELIDFWRUPRGHOIRUWKH:$,6GDWDZKLFKGLGQRWFRQYHUJHWKHUHPDLQLQJϯϳϮ
YDULDQFHRIWKH*ZPIDFWRUZDVWKHORZHVWDPRQJDOOFRJQLWLYHDELOLWLHVωK )LQDOO\DVϯϳϯ
ZDVWKHFDVHLQWKH,RZDFRKRUWWKHELIDFWRU6PRGHOSURYLGHGDVLJQLILFDQWO\EHWWHUILWWRWKHϯϳϰ
GDWDWKDQGLGWKHKLHUDUFKLFDOPRGHOχGLIIHUHQFH pϯϳϱ



ϭϴ
7DNHQWRJHWKHUWKHSV\FKRPHWULFUHVXOWVIURPWKH,RZDFRKRUWDQGWKH:$,6,9GDWDDOOϯϳϲ
GHPRQVWUDWHDQH[FHSWLRQDOO\VWURQJWRSHUIHFWFRUUHVSRQGHQFHEHWZHHQJDQGZRUNLQJPHPRU\ϯϳϳ
:HUHIHUWRWKHSV\FKRPHWULFLVRPRUSKLVPEHWZHHQJDQG*ZPLQWKH,RZDVDPSOH¶Vϯϳϴ
KLHUDUFKLFDOPRGHODVJ*ZPϯϳϵ
,RZD&RKRUW/HVLRQ%HKDYLRU0DSSLQJϯϴϬ
:HQH[WLQYHVWLJDWHGZKHWKHUWKHQHXURDQDWRPLFDOUHJLRQVDVVRFLDWHGZLWKJ*ZPZHUHϯϴϭ
VLPLODUWRWKRVHDVVRFLDWHGZLWKWKHGRPDLQVSHFLILFFRJQLWLYHDELOLWLHV7KHGLVWULEXWLRQRIOHVLRQϯϴϮ
FRYHUDJHXVHGIRUWKHVHDQDO\VHVLVVKRZQLQ)LJ$:HXVHGWKHKLHUDUFKLFDOPRGHOEHFDXVHϯϴϯ
KLHUDUFKLFDOPRGHOVKDYHWUDGLWLRQDOO\EHHQXVHGWRUHSUHVHQWJRIQRWHWKHKLHUDUFKLFDODQGϯϴϰ
ELIDFWRUPRGHOHVWLPDWHVRIJZHUHYLUWXDOO\LGHQWLFDOr p7KHOHVLRQEHKDYLRUϯϴϱ
PDSRIJ*ZPZDVDVVRFLDWHGZLWKDVWDWLVWLFDOO\VLJQLILFDQWZLWKLQVDPSOHSUHGLFWLYHϯϴϲ
FRUUHODWLRQ)LJ%r pRSWLPDOVSDUVHQHVV 7KLVDQDO\VLVGHPRQVWUDWHGϯϴϳ
WKDWJ*ZPGHSHQGVRQWKHLQWHJULW\RIOHIWWHPSRURSDULHWDOZKLWHPDWWHUOHIWSDULHWRRFFLSLWDOϯϴϴ
ZKLWHPDWWHUOHIWIURQWDOOREHZKLWHPDWWHUWKHULJKWVXELQVXODFODXVWUXPWKHOHIWSRVWHULRUϯϴϵ
PLGGOHLQIHULRUWHPSRUDOJ\UXVDQGWKHULJKWSRVWHULRUPLGGOHWHPSRUDOJ\UXV5HJUHVVLQJRXWWKHϯϵϬ
HIIHFWVRIVH[DQGOHVLRQFKURQLFLW\GLGQRWFKDQJHWKHOHVLRQEHKDYLRUPDSSLQJUHVXOWVDQGϯϵϭ
QHLWKHUJHQGHUr p QRUOHVLRQFKURQLFLW\r p ZDVFRUUHODWHGϯϵϮ
VLJQLILFDQWO\ZLWKJ*ZPϯϵϯ
$QHYDOXDWLRQRIWKHLPSRUWDQFHRIWKHLQGLYLGXDOFOXVWHUVIURPWKLVPDSVKRZHGWKDWWKHϯϵϰ
FOXVWHUORFDWHGLQWKHOHIWWHPSRURSDULHWDOZKLWHPDWWHUZDVWKHPRVWLPSRUWDQWWRWKHILQDOϯϵϱ
VROXWLRQ¨U 7KLVFOXVWHUDOVRFRQWDLQHGWKHYR[HOZLWKWKHVWURQJHVWDVVRFLDWLRQZLWKϯϵϲ
J*ZPLQWKHHQWLUHPDS01,FRRUGLQDWH%\FRPSDULVRQWKHFOXVWHUVORFDWHGLQϯϵϳ



ϭϵ
WKHOHIWWHPSRUDOOREHZKLWHPDWWHU¨U WKHOHIWRFFLSLWDOOREHZKLWHPDWWHU¨U ϯϵϴ
WKHULJKWSRVWHULRUPLGGOHWHPSRUDOJ\UXV¨U WKHULJKWSDULHWDOZKLWHPDWWHU¨U ϯϵϵ
WKHULJKWVXELQVXODFODXVWUXP¨U DQGWKHOHIWIURQWDOZKLWHPDWWHUDQGDQWHULRULQVXODϰϬϬ
¨U ZHUHDVVRFLDWHGZLWKORZHUFKDQJHVLQWKHZLWKLQVDPSOHSUHGLFWLYHFRUUHODWLRQ7KHϰϬϭ
OHIWWHPSRURSDULHWDOZKLWHPDWWHUUHJLRQZDVDOVRLPSOLFDWHGZKHQXVLQJDPDVVXQLYDULDWHϰϬϮ
YR[HOZLVHDSSURDFKWROHVLRQEHKDYLRUPDSSLQJ)LJ$UHVWULFWLQJRXUDQDO\VHVWRWKHVXEϰϬϯ
VDPSOHRISDWLHQWVZLWKFRPSOHWHGDWD)LJ%FRQWUROOLQJIRUDJHDQGHGXFDWLRQ)LJ&DQGϰϬϰ
DOWHULQJWKHVSDUVHQHVVSDUDPHWHURIWKHPRGHO)LJ'DQG)LJ(([DPSOHVRIVHOHFWϰϬϱ
LQGLYLGXDOVXEMHFWVZLWKUHODWLYHO\FLUFXPVFULEHGGDPDJHWRWKLVUHJLRQDUHVKRZQLQ)LJϰϬϲ
1H[WZHSHUIRUPHGWZRIROORZXSOHVLRQEHKDYLRUPDSSLQJDQDO\VHVWRIXUWKHUHYDOXDWHϰϬϳ
WKHLPSRUWDQFHRIWKLVOHIWWHPSRURSDULHWDOZKLWHPDWWHUUHJLRQIRUGRPDLQJHQHUDOFRJQLWLRQϰϬϴ
)LUVWLIWKLVUHJLRQZDVLPSRUWDQWIRUFRJQLWLRQDFURVVPXOWLSOHGRPDLQVDVLPLODUϰϬϵ
QHXURDQDWRPLFDOORFDOL]DWLRQIRUJZRXOGEHH[SHFWHGZKHQHVWLPDWLQJJIURPDVWUXFWXUDOϰϭϬ
HTXDWLRQPRGHOWKDWGRHVQRWLQFOXGHWHVWVRIZRUNLQJPHPRU\DVYDULDQFHUHODWHGWRJVKRXOGϰϭϭ
VWLOOEHLQFOXGHGLQWKHHVWLPDWHVRIHDFKVSHFLILFGRPDLQRIFRJQLWLRQ6HFRQGLIZHUHPRYHWKHϰϭϮ
LQIOXHQFHRIJIURPWKHGRPDLQVSHFLILFDELOLWLHVXVLQJWKHELIDFWRUPRGHOWKHUHJLRQVPRVWϰϭϯ
DVVRFLDWHGZLWKGRPDLQJHQHUDOFRJQLWLRQVKRXOGQRORQJHUEHSUHVHQWLQWKHGRPDLQVSHFLILFϰϭϰ
OHVLRQEHKDYLRUPDSV,QERWKFDVHVRXUUHVXOWVVXSSRUWWKHLPSRUWDQFHRIWKHOHIWWHPSRURϰϭϱ
SDULHWDOZKLWHPDWWHUUHJLRQϰϭϲ
)LUVWZHFUHDWHGDOHVLRQEHKDYLRUPDSRIJHVWLPDWHGwithoutWHVWVRIZRUNLQJPHPRU\ϰϭϳ
7KLVVKRZHGDVWURQJSHDNLQWKHVDPHOHIWWHPSRURSDULHWDOZKLWHPDWWHUUHJLRQDQGZDVKLJKO\ϰϭϴ
VLPLODUWRWKHPDSRIJ*ZPLQZKLFKZRUNLQJPHPRU\WHVWVZHUHLQFOXGHGVSDWLDOFRUUHODWLRQrϰϭϵ



ϮϬ
 0RUHRYHUWKHOHIWWHPSRURSDULHWDOZKLWHPDWWHUUHJLRQZDVDOVRSUHVHQWLQOHVLRQϰϮϬ
EHKDYLRUPDSVRIWKHGRPDLQVSHFLILFFRJQLWLYHDELOLWLHVEXWZDVDEVHQWDIWHUWKHLQIOXHQFHRIJϰϮϭ
ZDVUHPRYHGIURPWKHVHDELOLWLHVLQWKHELIDFWRUPRGHOZKLFKFDQEHVHHQE\FRPSDULQJWKHϰϮϮ
PDSVLQ)LJ%DQG)LJDQGWKURXJKDQH[DPLQDWLRQRIWKHVSDWLDOFRUUHODWLRQVEHWZHHQHDFKϰϮϯ
KLHUDUFKLFDOPRGHO¶VOHVLRQEHKDYLRUPDSDQGLWVELIDFWRUDQDORJXH*Y*ODQG*VϰϮϰ
7KHVSDWLDOFRUUHODWLRQVEHWZHHQWKHPDSRIJ*ZPDQGWKHPDSVRIWKHRWKHUGRPDLQϰϮϱ
VSHFLILFFRJQLWLYHDELOLWLHVHVWLPDWHGIURPWKHELIDFWRUPRGHOZHUHORZVSDWLDOFRUUHODWLRQrϰϮϲ
UDQJHϰϮϳ
)LQDOO\LQOLJKWRIWKHREVHUYDWLRQWKDWHVWLPDWHVRIJDQG*ZPZHUHSHUIHFWO\FRUUHODWHGϰϮϴ
LQWKHKLHUDUFKLFDOPRGHOIURPWKLVVDPSOHZHFRQGXFWHGDGGLWLRQDOIROORZXSDQDO\VHVWRϰϮϵ
H[SORUHZKHWKHUJDQGZRUNLQJPHPRU\LQGHHGVKDUHQHXURDQDWRPLFDOFRUUHODWHV:HHYDOXDWHGϰϯϬ
ZKHWKHU*ZPHVWLPDWHGIURPDFRUUHODWHGIDFWRUVPRGHOLHDPRGHOZLWKRXWDVXSHURUGLQDWHJϰϯϭ
IDFWRUSURGXFHGDVLPLODUOHVLRQEHKDYLRUPDSWRWKDWRIJ*ZP7KLVDQDO\VLVSURGXFHGDϰϯϮ
KLJKO\VLPLODUUHVXOWVSDWLDOFRUUHODWLRQr  ZLWKDSHDNLQWKHVDPHOHIWWHPSRURSDULHWDOϰϯϯ
ZKLWHPDWWHUUHJLRQ$OWRJHWKHUWKHVHDQDO\VHVGHPRQVWUDWHHYLGHQFHWKDWZRUNLQJPHPRU\DQGϰϯϰ
JFDQEHORFDOL]HGWRWKLVVDPHZKLWHPDWWHUUHJLRQRXWVLGHRIWKHGDWDIURPWKHIXOO,RZDϰϯϱ
KLHUDUFKLFDOPRGHOϰϯϲ
,RZD&RKRUW7UDFWRJUDSK\ϰϯϳ
7KHPDSIRUJZDVVHSDUDWHGLQWRVSDWLDOFOXVWHUVDQGHDFKFOXVWHUVHUYHGDVDVHHGUHJLRQϰϯϴ
RILQWHUHVWIRUDWUDFWRJUDSK\DQDO\VLVDOORZLQJXVWRLQIHUZKLFKZKLWHPDWWHUWUDFWVDUHϰϯϵ
DVVRFLDWHGZLWKWKHVHUHJLRQVLQKHDOWK\DGXOWV7KHFOXVWHUVLQFOXGLQJWKHFOXVWHURIWHPSRURϰϰϬ
SDULHWDOZKLWHPDWWHUWKDWZDVPRVWVWURQJO\DVVRFLDWHGZLWKJZHUHPRVWSURPLQHQWO\DQGϰϰϭ



Ϯϭ
FRQVLVWHQWO\DVVRFLDWHGZLWKWKHDUFXDWHIDVFLFXOXV)LJDODUJHZKLWHPDWWHUWUDFWWKDWϰϰϮ
LQWHUFRQQHFWVWKHIURQWDOWHPSRUDODQGSDULHWDOFRUWLFHV&DWDQLDQG7KLHEDXWGH6FKRWWHQϰϰϯ
ϰϰϰ
8VLQJWKH,RZD'HULYHG/HVLRQ%HKDYLRU0DSVWR3UHGLFWJLQWKH:8&RKRUWϰϰϱ
1H[WZHHYDOXDWHGZKHWKHUWKHOHVLRQEHKDYLRUPDSVIURPWKH,RZDFRKRUWFRXOGEHXVHGϰϰϲ
WRSUHGLFWREVHUYHGGHILFLWVLQJLQWKHLQGHSHQGHQW:8FRKRUWEDVHGH[FOXVLYHO\RQOHVLRQϰϰϳ
ORFDWLRQ7KHH[SORUDWRU\IDFWRUDQDO\VLVGHPRQVWUDWHGWKDWDWKUHHIDFWRUVROXWLRQILWWKHϰϰϴ
FRJQLWLYHGDWDWKHEHVWZKLFKFRQYHUJHGQRUPDOO\DQGZDVZLWKRXW+H\ZRRGFDVHV)LJ&χϰϰϵ
 &),!506($65057KHWKUHHVXEIDFWRUVFRUUHVSRQGHGPRVWϰϱϬ
FORVHO\WRFU\VWDOL]HGLQWHOOLJHQFH*FYLVXRVSDWLDOZRUNLQJPHPRU\*YZPDQGϰϱϭ
OHDUQLQJPHPRU\*O:HHYDOXDWHGWKHYDOLGLW\RIHVWLPDWLQJJIURPWKLVPRUHOLPLWHGVHWRIϰϱϮ
GRPDLQVSHFLILFYDULDEOHVE\DOVRHVWLPDWLQJJLQWKH,RZDGDWDEXWUHVWULFWLQJWKHDQDO\VLVWRϰϱϯ
WKHVHWKUHHGRPDLQVSHFLILFYDULDEOHV7KHFRUUHODWLRQEHWZHHQJHVWLPDWHGZLWKDOOWKHGDWDϰϱϰ
YHUVXVZLWKWKHUHVWULFWHGGRPDLQVSHFLILFYDULDEOHVZDVGHPRQVWUDWLQJWKDWJFDQEHϰϱϱ
HVWLPDWHGDFFXUDWHO\ZLWKIHZHUGRPDLQVSHFLILFYDULDEOHVDVZHUHDYDLODEOHLQWKH:8GDWDVHWϰϱϲ
-RKQVRQHWDO-RKQVRQHWDOϰϱϳ
$PDWUL[RIOHVLRQPDVNVIURPWKH:8FRKRUW)LJ&ZDVXVHGLQFRQMXQFWLRQZLWKWKHϰϱϴ
WKUHHGLPHQVLRQDOZHLJKWHGYR[HOVGHULYHGIURPWKHKLHUDUFKLFDOOHVLRQEHKDYLRUPDSVIURPϰϱϵ
,RZD)LJ%LQDQHIIRUWWRSUHGLFWJLQWKH:8FRKRUW7RHYDOXDWHWKHDQDWRPLFDOVSHFLILFLW\ϰϲϬ
RIWKHVHSUHGLFWLRQVZHFRPSDUHGWKHDFFXUDF\RIWKHSUHGLFWLRQVIURPWKHJ*ZPPDSWRWKHϰϲϭ
DFFXUDF\RIWKHSUHGLFWLRQVIURPWKHRWKHUGRPDLQVSHFLILFOHVLRQEHKDYLRUPDSV$FDYHDWWRϰϲϮ
WKLVFURVVFRKRUWSUHGLFWLRQDQDO\VLVLVWKDWWKH,RZDFRKRUWKDGPRUHH[WHQVLYHFRYHUDJHLQWKHϰϲϯ



ϮϮ
EUDLQZKHUHDVWKHFRYHUDJHLQWKH:8FRKRUWZDVSUHGRPLQDQWO\WKRXJKQRWH[FOXVLYHO\LQWKHϰϲϰ
GLVWULEXWLRQRIWKHPLGGOHFHUHEUDODUWHU\ZKLFKUHVXOWHGLQOLPLWHGFRYHUDJHRIWKHOHIWWHPSRURϰϲϱ
SDULHWDOZKLWHPDWWHUUHJLRQLGHQWLILHGLQWKH,RZDOHVLRQEHKDYLRUJPDS0DQ\RIWKHOHVLRQVLQϰϲϲ
WKH:8FRKRUWGLGQRWLQWHUVHFWZLWKWKHOHVLRQEHKDYLRUPDSVRIWKH,RZDFRKRUW7RDFFRXQWIRUϰϲϳ
WKLVZHDOVRHYDOXDWHGWKHDFFXUDF\RIWKHPRGHOEDVHGSUHGLFWLRQVIRURQO\WKRVH:8VXEMHFWVϰϲϴ
ZLWKOHVLRQVWKDWRYHUODSSHGZLWKHDFKRIWKH,RZDOHVLRQEHKDYLRUPDSVϰϲϵ
$FURVVWKHVHDQDO\VHVWKHOHVLRQEHKDYLRUPDSRIJ*ZPIURPWKH,RZDVDPSOHϰϳϬ
SURYLGHGFRQVLVWHQWVLJQLILFDQWSUHGLFWLRQVRIREVHUYHGJLQWKH:8VDPSOHHYHQDIWHUϰϳϭ
FRQWUROOLQJIRUOHVLRQYROXPH7DEOHOLVWVWKHFRUUHODWLRQVrDQGVHPLSDUWLDOFRUUHODWLRQVsrϰϳϮ
WKHODWWHURIZKLFKFRQWUROIRUOHVLRQYROXPHEHWZHHQWKHPRGHOSUHGLFWHGGRPDLQVFRUHVDQGϰϳϯ
REVHUYHGJLQWKH:8VDPSOH,PSRUWDQWO\WKHXQLTXHDVSHFWVRIWKHRWKHUGRPDLQVSHFLILFPDSVϰϳϰ
LHSUHGLFWLRQVPDGHIURPWKHELIDFWRUPDSVZHUHQRWDEOHWRVLJQLILFDQWO\SUHGLFWJLQWKH:8ϰϳϱ
FRKRUWVXSSRUWLQJWKHDQDWRPLFDOVSHFLILFLW\RIWKHVHUHVXOWVϰϳϲ
6HSDUDWHO\DOHVLRQEHKDYLRUPDSRIJGHULYHGGHQRYRIURPWKH:8FRKRUWGDWDZDVϰϳϳ
JHQHUDWHGDQGSURGXFHGUHVXOWVVLPLODUWRWKRVHREVHUYHGIURPWKH,RZDFRKRUWIURQWRSDULHWDOϰϳϴ
DQGWHPSRURSDULHWDOZKLWHPDWWHUUHJLRQVLQFOXGLQJWKHDUFXDWHIDVFLFXOXVZHUHLPSOLFDWHGϰϳϵ
ELODWHUDOO\ZLWKVWURQJHUDVVRFLDWLRQVIRXQGLQWKHOHIWKHPLVSKHUH$GGLWLRQDOO\WKHPDSRIJϰϴϬ
IURPWKH:8FRKRUWZDVWKHPRVWVLPLODUWRWKHPDSRIJ*ZPVSDWLDOFRUUHODWLRQr ϰϴϭ
IURPWKH,RZDFRKRUWUHODWLYHWRWKHRWKHUGRPDLQVSHFLILFPDSVGHULYHGIURPWKHELIDFWRUPRGHOϰϴϮ
*Yr  *Or DQG*Vr 7DNHQWRJHWKHUWKHILQGLQJVLQWKH:8VDPSOHϰϴϯ
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2XUILQGLQJVVXJJHVWWKDWZRUNLQJPHPRU\LVFRQVWLWXWLYHRIJDQGWKDWZHFDQEXLOGϱϮϮ
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KHPLVSKHUHLVVSHFLDOL]HG*D]]DQLJDHWDO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